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Abstract

Objective: To evaluate broad-spectrum intravenous antibiotic use before and after the implementation of a revised febrile neutropenia man-
agement algorithm in a population of adults with hematologic malignancies.

Design: Quasi-experimental study.

Setting and population: Patients admitted between 2014 and 2018 to the Adult Malignant Hematology service of an acute-care hospital in the
United States.

Methods: Aggregate data for adult malignant hematology service were obtained for population-level antibiotic use: days of therapy (DOT),
C. difficile infections, bacterial bloodstream infections, intensive care unit (ICU) length of stay, and in-hospital mortality. All rates are reported
per 1,000 patient days before the implementation of an febrile neutropenia management algorithm (July 2014–May 2016) and after the inter-
vention (June 2016–December 2018). These data were compared using interrupted time series analysis.

Results: In total, 2,014 patients comprised 6,788 encounters and 89,612 patient days during the study period. Broad-spectrum intravenous (IV)
antibiotic use decreased by 5.7% with immediate reductions in meropenem and vancomycin use by 22 (P = .02) and 15 (P = .001) DOT per
1,000 patient days, respectively. Bacterial bloodstream infection rates significantly increased following algorithm implementation. No differences
were observed in the use of other antibiotics or safety outcomes including C. difficile infection, ICU length of stay, and in-hospital mortality.

Conclusions: Reductions in vancomycin andmeropenemwere observed following the implementation of a more stringent febrile neutropenia
management algorithm, without evidence of adverse outcomes. Successful implementation occurred through a collaborative effort and con-
tinues to be a core reinforcement strategy at our institution. Future studies evaluating patient-level data may identify further stewardship
opportunities in this population.

(Received 9 August 2020; accepted 2 December 2020; electronically published 25 January 2021)

Nearly 80% of patients undergoing chemotherapy for leukemia or
receiving hematopoietic stem-cell transplant (HSCT) will experi-
ence at least 1 episode of febrile neutropenia.1 Fevers without
microbiologically documented infection or clinically documented
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infection comprise >50% of febrile neutropenia episodes.1

Consensus guidelines provide mixed recommendations about
whether empirical antibiotic treatment should continue until
neutrophil recovery for febrile neutropenia patients without an
identified source.2,3 Much of the data supporting empirical antibi-
otic treatment until neutrophil recovery were generated before
routine antibiotic prophylaxis in high-risk neutropenia became
widespread, and also at a time when antibiotic resistance was less
common.4 Although it is imperative to promptly initiate and
continue empirical antibiotic treatment in patients with concerns
for bacterial infections, it is also essential to steward unnecessary
antibiotic exposure to minimize resistance development and other
collateral damage of antibiotic use. Furthermore, recent observa-
tional studies and a randomized trial demonstrated that discon-
tinuation of empirical antibiotic treatment in clinically stable
patients with fever resolution and no microbiologically docu-
mented infection or clinically documented infection may be safe
despite persistent neutropenia.5–11 In June 2016, a multidiscipli-
nary task force at University of California–San Francisco (UCSF)
Medical Center convened to revise its febrile neutropenia manage-
ment algorithm.

The study objective was to evaluate the association of the
revised febrile neutropenia algorithm intervention with intra-
venous (IV) antibiotic utilization and related outcomes in adult
patients on the malignant hematology service. We hypothesized
that there would be reductions in IV antibiotic days of therapy
(DOT) without adverse clinical outcomes following algorithm
implementation.

Methods

Study design

This investigation was a quasi-experimental study using aggre-
gated electronic medical record data of all patients on the adult
malignant hematology service at the UCSF Medical Center
between July 2014 and December 2018. The inclusion criteria were
patients aged ≥18 years who spent at least 1 census day on the
malignant hematology service during the study period. Patients
who were transferred to the pediatric malignant hematology unit
were excluded regardless of age because the algorithm was only
implemented for the adult services.

In June 2016, our adult antimicrobial stewardship program and
malignant hematology service implemented a revised febrile neu-
tropenia management algorithm as recommended by a multidisci-
plinary task force of physicians, pharmacists, and nurses from the
malignant hematology, hospital medicine, and infectious diseases
services at UCSF. The 3 main revisions to the algorithm were
(1) empirical vancomycin use should be considered in hemody-
namically unstable patients and/or those with methicillin-resistant
Staphylococcus aureus (MRSA) risk factors; (2) broadening
from cefepime to an antipseudomonal carbapenem antibiotic
(eg, meropenem) should be reserved for hemodynamically unsta-
ble patients after 24 hours; and (3) febrile neutropenia empirical
antibiotic treatment (eg, cefepime) was continued for a defined
duration of 10 days regardless of neutrophil recovery in patients
with resolved fevers and no microbiologically documented
infection or clinically documented infection. Patients with micro-
biologically documented infection or clinically documented
infection should complete a standard treatment course for that
infection. Patients resumed febrile neutropenia prophylaxis with
levofloxacin following course completion. Prior to these revisions,
vancomycin and broad-spectrum gram-negative antibiotic use in

febrile neutropenia patients were not standardized to specific clini-
cal criteria (eg, MRSA risk factors or hemodynamic instability).
The UCSF Institutional Review Board approved this study.

Algorithm implementation strategy and adherence
evaluation

Several key strategies were employed to implement the revised
algorithm. Initial in-person meetings were held with key stake-
holders on the malignant hematology service (ie, nurses, pharma-
cists, oncologists, hospitalists, and advanced care practitioners) to
discuss the algorithm changes suggested by the task force. Upon
finalization of the proposed changes, the algorithm was posted
in work rooms on the malignant hematology unit as well as on
the antimicrobial stewardship program website, and e-mails were
sent to relevant clinician groups (ie, hospitalists, infectious disease
physicians, nurse practitioners, and oncologists). Antimicrobial
stewardship pharmacists and physicians performed prospective
audit and feedback of patients receiving broad-spectrum intra-
venous (IV) antibiotics on the malignant hematology service,
Monday through Friday, to support and reinforce the new algo-
rithm. Algorithm adherence was evaluated over a 6-month period
(June 28 to December 16, 2016). Adult patients with febrile neu-
tropenia were retrospectively evaluated to determine whether
the antibiotics they received were appropriate and in accordance
with the new algorithm.

Study outcomes

The primary study outcome was DOT of a composite of broad-
spectrum IV antibiotics commonly used for febrile neutropenia
administered per 1,000 patient days.12 These antibiotics included
aztreonam, cefepime, meropenem, piperacillin-tazobactam, and
vancomycin. Cefepime is the choice empiric gram-negative antibi-
otic at our institution for febrile neutropenia and for the purposes
of this analysis was combined with piperacillin-tazobactam to
account for multiple drug shortages that occurred throughout
our study period. Levofloxacin was removed from all analyses
because it is the high-risk neutropenia prophylactic antibiotic of
choice at our institution.13

Secondary study outcomes included DOT of individual broad-
spectrum antibiotics and a composite of all IV antibiotics as well as
Clostridioides difficile infection incidence rates, bacterial blood-
stream infection incidence rates, intensive care unit (ICU) length
of stay, and hospital all-cause mortality.

The Clostridioides difficile infections were defined by a positive
2-step algorithm for either the toxin protein detected via enzyme
immunoassay (EIA) or the toxin gene detected by polymerase
chain reaction.14 Bacterial bloodstream infections were defined
by a single positive blood culture at any point during the hospital
stay, and only the first culture per bacteria isolated was included in
the analysis. Bacteria traditionally considered to be contaminants
(eg, coagulase-negative staphylococci) were included in the
analysis because these organisms can be significant in this patient
population and are often treated. ICU length of stay was deter-
mined per patient. In-hospital all-cause mortality was determined
by a recorded discharge disposition of the deceased patients.
All secondary outcomes were standardized to 1,000 patient days.

Statistical analyses

An interrupted time series with segmented regression analysis was
used to evaluate differences in monthly composite IV antibiotic
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DOTs and clinical outcomes associated with the implementation
of a revised febrile neutropenia management algorithm.15

The study period comprised 54 months divided into 2 phases:
23 months of preintervention from July 2014 to May 2016 and
31 months of intervention from June 2016 to December 2018.
This sample size provides sufficient power to detect at least a
30% change in antibiotic DOTs.16 The Durbin-Watson d statistic
was used to test for potential autocorrelation of data points with
d values >2 indicating no autocorrelation.

Based on existing literature describing similar antimicrobial
stewardship initiatives, we hypothesized an immediate decrease
(ie, level change) as well as a sustained or continued decrease
(ie, slope change) in antibiotic use because the revised algorithm
became more widely adopted.17 Thus, we proposed that the most
appropriate regression model capture both level and slope changes
without a lag period.15 The proposed segmented regression model
assumes Yt= β0þ β1Ttþ β2Xtþ β3XtTtþ ϵt, where Yt is the aggre-
gated broad-spectrum IV antibiotic DOT measured monthly at
time t; Tt is the time since the start of the study; Xt represents
the intervention with preintervention months designated as
0 and intervention months designated as 1; and XtTt is the inter-
action term. Furthermore, β0 is the intercept and represents the ini-
tial antibiotic DOT and β1 is the slope in the preintervention
period. Change in level (β2) was defined as the immediate differ-
ence between the observed value at the end of the preintervention
period and the beginning of the intervention periods. β3 is the slope
in the intervention period. We also calculated the difference
between the change rates of the preintervention and intervention
periods (β1þ β3). Results are reported as estimate coefficients with
95% confidence intervals. Significant P values <.05 for β2 indicate
an immediate change in antibiotic DOT following the implemen-
tation of the revised algorithm, and a significant P value for β1 or β3
represents a change in the slope in the preintervention or interven-
tion period, respectively. A significant P value for the difference in
the change rates between the preintervention period and interven-
tion periods (β1 þ β3) indicates a difference in the slopes between
the preintervention period and intervention period. Newey-West
standard errors were reported for coefficients estimated by
ordinary least-squares regression, which was appropriate for our
continuous primary outcome of broad-spectrum IV antibiotic
DOT. Themaximum likelihood ratio test was used to assess overall
model fit. Descriptive statistics were used to compare baseline
differences between the preintervention and intervention cohorts
including the χ2 test or the Fisher exact test for categorical varia-
bles, and the t test or the Mann-Whitney U test for continuous
variables. Time-series scatter plots were also visually inspected
to identify distributions, trends, and outliers. Statistical analyses
were conducted using Stata version 15.0 software (StataCorp,
College Station, TX).

Results

Between July 2014 and December 2018, a total of 2,014 patients
comprised 6,788 encounters and 89,612 patient days on the
Adult Malignant Hematology service at UCSF Medical Center.
Moreover, 892 patients comprised 2,827 encounters and 37,317
patient days in the preintervention period and 1,122 patients com-
prised 3,961 encounters and 52,295 patient days in the intervention
period. The median age was 56 years (interquartile [IQR], 55–57)
and 60% were male; these distributions were similar in both
preintervention and intervention periods. The median hospital
length of stay was 8.75 days (IQR, 7–10): 9 days (IQR, 7–10) in

the preintervention period and 8 days (IQR, 7–10) in the interven-
tion period (P = .78).

Composite IV antibiotic use decreased by 5.7% from 704 to 664
DOT per 1,000 patient days between the preintervention and inter-
vention periods, with an absolute difference of 40 days. This differ-
ence was not significant (Table 1 and Fig. 1a). We detected were
statistically significant immediate reductions in meropenem and
vancomycin use by 22 DOT per 1,000 patient days (P = .02)
and 15 DOT per 1,000 patient days (P = .001), respectively,
whereas the use of noncarbapenem antipseudomonal antibiotics
increased by 30.2 DOT per 1,000 patient days (P = .006)
(Table 1 and Fig. 1b–d). These data represent ~28% and 18%
reductions in meropenem and vancomycin use, respectively, from
preintervention baseline rates. Use of both antibiotics continued to
remain below the preintervention baseline throughout the study
period. Meropenem use was decreasing in the preintervention
period and despite an increasing slope in the intervention period,
overall use remained below its use during the preintervention
period (Fig. 1c). Similarly, vancomycin use was also decreasing
in the preintervention period, and this reduction was sustained
in the intervention period (Fig. 1b). Overall IV antibiotic use
did not change over the intervention period (data not shown).
Autocorrelation was not detected in the main analysis of the pri-
mary outcome (Durbin-Watson d statistic of 3.17) nor any of the
other models.

No statistically significant differences were observed in the
incidence rates of C. difficile infection, ICU length of stay, or
in-hospital mortality between the 2 study periods (Table 2 and
Fig. 2a, c, d). However, there was an immediate and significant
increase in bacterial bloodstream infection rates (Fig. 2b). The
median ICU length of stay for patients admitted to the ICU was
4 days (IQR, 3–5): 4.5 days (IQR, 3–6) in the preintervention
period and 4 days (IQR, 3–4) in the intervention period (P = .18).

Discussion

The implementation of a revised febrile neutropenia management
algorithm significantly reduced vancomycin and meropenem use
at our institution. These findings are consistent with our hypoth-
esis because the algorithm revisions directly delineated specific
criteria for vancomycin and broader gram-negative antibiotics
(ie, meropenem). Vancomycin and meropenem DOTs continued
to remain below preintervention rates. Notably, vancomycin con-
tinued to decrease during the intervention period and represents a
successful antimicrobial stewardship intervention for this high-use
antibiotic.18 Although meropenem reductions were also observed,
there was a compensatory increase in anti-pseudomonal β-lactam
use, suggesting that although escalation of empirical antibiotic
treatment to meropenem was effective, the overall duration of
cefepime and piperacillin-tazobactam did not change.

Algorithm implementation did not appear to be significantly
associated with changes in C. difficile infection rates, ICU length
of stay, or in-hospital all-cause mortality. We did not discern an
obvious explanation (eg, changes in microbiologic culturing prac-
tices, known hospital unit outbreaks) for the observed increase in
bacterial bloodstream infections following algorithm implementa-
tion. Gram-positive and gram-negative bacterial bloodstream
infections reflect that of all bacterial bloodstream infections with
observed increases following the intervention (Table 2 and
Fig. 3). No discernible patterns were observed between the prein-
tervention and intervention periods for concerning pathogens
such as MRSA, vancomycin-resistant E. faecalis and E. faecium,
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extended-spectrum β-lactamase (ESBL)–producing organisms (eg,
E. coli, K. pneumoniae, K. oxytoca), or P. aeruginosa (data not
shown). These transiently higher rates did not correspond to an
increase in in-hospital mortality. Regardless, this finding has
prompted a closer evaluation using patient-level data to fully ascer-
tain whether these were spurious increases or were related to the
algorithm change.

Real-world de-escalation and discontinuation strategies for
management of empirical antibiotic treatment in febrile neutrope-
nia are increasing, and results from the present study contribute
and support existing evidence. A phase 4 randomized trial (ie,
the “How Long” study) conducted in Spain5 enrolled 157 high-risk
adult patients with febrile neutropenia initiated on empirical anti-
biotic treatment and assigned patients to either de-escalation when
afebrile for 72 hours (experimental group) or continued on empir-
ical antibiotic treatment until neutrophil count recovery (control
group). The experimental group had more antibiotic-free days
and fewer adverse events without any observed increase in harms.5

Implementing a similar de-escalation approach may help to
address the compensatory increase in cefepime and piperacillin-
tazobactam that we observed in our study.

La Martire et al11 also reported similar results in their inter-
rupted time series analysis following the implementation of a

de-escalation and discontinuation protocol in their high-risk neu-
tropenic patients in France. These researchers noted an overall
decrease in carbapenem use with no changes in C. difficile infec-
tions, bloodstream infections, ICU transfers, and mortality.11

Results from these 2 and several other studies collectively support
recommendations put forth in the European Conference of
Infections in Leukemia (ECIL) guidelines that early de-escalation
is safe in hemodynamically stable patients regardless of neutrophil
recovery, though the National Comprehensive Cancer Network
and Infectious Diseases Society of America guidelines still list this
strategy as an “alternative” approach to continuation of broad-
spectrum coverage until count recovery.6,8,9,19 In a secondary
analysis of their trial comparing cefepime to imipenem-cilastatin,
Cherif et al9 found no association between early empirical antibi-
otic treatment discontinuation and rates of fever recurrences or
mortality. Similarly, Slobbe et al8 found that discontinuation of
empirical antibiotic treatment was safe after 72 hours in patients
without an microbiologically documented infection or clinically
documented infection. Snyder et al10 evaluated early de-escalation
of empirical antibiotic treatment in 46 neutropenic patients and
found no differences in worse outcomes compared to 74 patients
who did not receive early de-escalation of empirical antibiotic
treatment.10 Taken together, results from these studies support

Table 1. Association Between Revised Febrile Neutropenia Management Algorithm and Days of Therapy per 1,000 Patient Days of Commonly Used Intravenous
Antibiotics

Parameter Coefficient (95% CI) P Value

Primary outcome—composite broad-spectrum IV antibioticsa

Preintervention slope (β1) 0.64 (−3.93 to 5.21) .78

Level change immediately following intervention (β2) −39.6 (−109 to 29.9) .26

Slope change following intervention (β3) 0.49 (−4.83 to 5.80) .85

Intervention trend (β1 þ β3) 1.13 (−1.55 to 3.80) .40

Vancomycin

Preintervention slope (β1) −0.14 (−1.06 to 0.77) .76

Level change immediately following intervention (β2) −15.2 (−27.8 to −2.52) .02

Slope change following intervention (β3) 0.08 (−1.05 to 1.21) .88

Intervention trend (β1 þ β3) −0.06 (−0.68 to 0.57) .86

Meropenem

Preintervention slope (β1) −0.84 (−1.57 to −0.12) .02

Level change immediately following intervention (β2) −21.9 (−34.8 to −8.99) .001

Slope change following intervention (β3) 1.2 (0.26 to 2.26) .01

Intervention trend (β1 þ β3) 0.42 (−0.27 to 1.12) .23

Cefepime and piperacillin-tazobactam

Preintervention slope (β1) 0.15 (−0.96 to 1.26) .79

Level change immediately following intervention (β2) 30.2 (8.88 to 51.4) .006

Slope change following intervention (β3) 0.47 (−1.07 to 2.00) .55

Intervention trend (β1 þ β3) 0.61 (−0.45 to 1.68) .25

Aztreonam

Preintervention slope (β1) 0.04 (−0.46 to 0.55) 0.86

Level change immediately following intervention (β2) 4.99 (−6.37 to 16.3) 0.38

Slope change following intervention (β3) −0.42 (−1.05 to 0.21) .19

Intervention trend (β1 þ β3) −0.37 (−0.78 to 0.04) .07

Note. CI, confidence interval.
aComposite includes aztreonam, cefepime, meropenem, piperacillin-tazobactam, and vancomycin.
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earlier empirical antibiotic treatment discontinuation in patients
without microbiologically documented infection or clinically doc-
umented infection, which will be a future focus for our institution.

The 2 major limitations to our study are the lack of randomi-
zation and lack of patient-level data. Drawbacks of observational
studies involve third-variable problems and regression to the
mean; however, we chose the quasi-experimental study design
with interrupted time series analysis as a more robust design to
assess regression to the mean. Antibiotic prescribing patterns
with seasonality trends and drug shortages (eg, cefepime and

piperacillin-tazobactam) during our study period are 2 measurable
time-varying confounders that might have affect our observed
outcomes. A concern with seasonality is that it can lead to autocor-
relation (eg, higher antibiotic use clustered in the summer months
when the institution welcomes new healthcare trainees unfamiliar
with institutional practices, or during the influenza season).
However, autocorrelation was not detected in our models, thereby
suggesting that seasonal differences in antimicrobial prescribing
were not significant and/or immeasurable. Furthermore, our study
period spanned nearly 4 years, with adequate observations for all

Fig. 1. Segmented linear regression of IV antibiotics days of therapy (DOT) per 1,000 patient days over time. Dotted vertical line, intervention month June 2016. (a) Composite
broad-spectrum IV antibiotics. (b) Vancomycin. (c) Meropenem. (d) Cefepime plus piperacillin-tazobactam. (e) Aztreonam.
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seasons in the preintervention and intervention periods. Although
we did not examine patient-level data, no major changes in patient
case mix or other service-line factors (eg, volume of transplants)
would have been anticipated to confound the primary analysis
of antibiotic use during this time. This aggregate dataset allowed
for population-level analysis over the 4 years and was appropriate
to identify trends in IV antibiotic use and other relevant outcomes.
However, patient-level data are necessary to further investigate
other findings including the observed increase in bloodstream
infection rates immediately following implementation. These
patient level data can more specifically identify the at-risk popula-
tion of patients with febrile neutropenia, can establish temporality
to determine whether these increases occurred following algorithm
implementation, can discern between specific pathogens, and can
inform regression models to determine independent associations.

These study findings support the continued role of evidence-
based management algorithms as effective intervention tools for

antimicrobial stewardship programs, especially in the hematology-
oncology population.20 This study also emphasizes the crucial
importance of multidisciplinary contributions to stewardship
efforts. We successfully engaged key stakeholders from the malig-
nant hematology, hospital medicine and infectious diseases ser-
vices to revise the algorithm. This multidisciplinary collaboration
was instrumental during the implementation period of this algo-
rithm across adult services. Results from a quality improvement
project indicated that overall algorithm adherence was 57% among
166 febrile neutropenia episodes from June 28 to December 16,
2016 (data not shown). Most nonadherence (88%) was not
de-escalating soon enough (eg, continuing vancomycin or escalat-
ing from cefepime to meropenem for persistent fevers in an
otherwise stable patient without microbiologically documented
infection or clinically documented infection). Algorithm adher-
ence improved and ranged from 30% at the beginning to nearly
75% by the end of the 6-month evaluation, which may reflect

Table 2. Association Between Revised Febrile Neutropenia Management Algorithm and Secondary Study Outcomes Standardized to 1,000 Patient Daysa

Parameter Coefficient (95% CI) P Value

C. difficile infection rate

Preintervention slope (β1) −0.06 (−0.17 to 0.05) .28

Level change immediately following intervention (β2) 0.15 (−1.59 to 1.90) .86

Slope change following intervention (β3) 0.06 (−0.07 to 0.18) .37

Intervention trend (β1 þ β3) −0.004 (−0.06 to 0.05) .90

Bacterial bloodstream infection rate

Preintervention slope (β1) −0.02 (−0.23 to 0.18) .84

Level change immediately following intervention (β2) 3.30 (0.97 to 5.63) .006

Slope change following intervention (β3) −0.08 (−0.29 to 0.14) .47

Intervention trend (β1 þ β3) −0.10 (−0.17 to −0.03) .006

Gram-positive bacterial bloodstream infection rate

Preintervention slope (β1) 0.07 (−0.13 to 0.27) .48

Level change immediately following intervention (β2) 2.19 (−1.15 to 5.54) .19

Slope change following intervention (β3) −0.19 (−0.41 to 0.04) .10

Intervention trend (β1 þ β3) −0.12 (−0.23 to 0.01) .03

Gram-negative bacterial bloodstream infection rate

Preintervention slope (β1) −0.001 (−0.07 to 0.06) .88

Level change immediately following intervention (β2) 1.11 (−0.29 to 2.52) .12

Slope change following intervention (β3) 0.01 (−0.09 to 0.11) .85

Intervention trend (β1 þ β3) 0.01 (−0.07 to 0.82) .89

Intensive care unit length of stay in days (median)

Preintervention slope (β1) −0.08 (−0.19 to 0.04) .18

Level change immediately following intervention (β2) 0.62 (−0.79 to 2.03) .38

Slope change following intervention (β3) 0.05 (−0.07 to 0.17) .44

Intervention trend (β1 þ β3) −0.03 (−0.07 to 0.01) .15

Hospital all-cause mortality rate

Preintervention slope (β1) 0.07 (−0.04 to 0.19) .20

Level change immediately following intervention (β2) −1.54 (−3.45 to 0.38) .11

Slope change following intervention (β3) −0.03 (−0.16 to 0.09) .60

Intervention trend (β1 þ β3) 0.04 (−0.01 to 0.09) .11

Note. CI, confidence interval.
aUnless otherwise specified.
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widespread awareness and uptake of this new algorithm by our cli-
nician stakeholders. In the setting of dwindling effective pharma-
cotherapy options for our patients, alternative evidence-based
management strategies must be employed. Efforts to maintain
these reductions in antibiotic use continue to require multifaceted

approaches including routine education and also prospective audit
and feedback.
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bacteria. (b) Gram-negative bacteria.
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